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AbsEr a ct
T his study det n o nstrated ho w interpr etatio n of SA R im age s impro v ed otlr
t nde rsta nding of s u rfa c e a nd sigtLal/te r rain irlter 且Ction which re 飢1tin te r ms of
te血 1r eS a nd othe r's ch且r a Cte rSOf SAR im agery.
Fo ctIS mg W as Pla c ed o n vist]alinterpretation ofB AR im agesillOrderto m ake ago od
di畠tingt)i血 es betw e endiffe r eTlt ton es, te‡tu res Shapes,patte r n s a nd sign attl reS. T he
丑e Xt Step W as the establishn etlOf cha rts fo r to n e s a nd te 血 r es, w hich w e r e
errEp)Dyed togethe r with tlle Sign attlr eCha r a cteristics of S ARim agestode v e)op a n
-Thterpret&tio n key
' ' fo r a筈rictllttLr al la nd use ptlrPOSeS. W e applied stlperVis ed
classirlCatio n s o nLaJlds at TM im ages and OZILaTLds atT Miznagesintegrated with
SA Rim ages. T he n c o Ⅱlpa risons ofto n es,te xtu res a ndpa:tte r n s w e r edon ebetw e e nthe
tw okindsofim ages.
W e fotLndthat cha r a cte ristics of S AR im ages 5tleh a sto n e,te血Ilr e Sign att) re a nd
pat e r n a re veryimpo rtant ele m e nts fo r visu al inte rpr etatio n ofla nd u s etypes,
w he r ethe im portaTLC etO establish aTL
‥interpret3tio nkey
'-
ofS A久im ages, which is
alr e ady do n e. A sigtlirlC a ntdiffe re n c ein te r m s ofte 血 re aJldpatte rTI W as approv ed.
Als oB A Rim age ry w asimpr o v ed otl r StZpe rvis ed da錦ific atio n tISingIJa nds at T M
integratedwithBA R im ages.
1.0 lntr odu ctio n
On De c e mbe r8
,
199 3SyntheticApe rtu reRada r(S AR)im age ryba nd C- H H(5.6c m)
w a s a cquired o v e rfo u r site sinJo rdan ,included bythe G[obesa rpr oject. Thes edata
w e r e a cquir ed in o rder to de v elop s o m e r e s e a r che s a nd a n alysIS OfSARim age rie s
･T his pap占r will de m o n str ate ho w SA Rim agerie simpr oved ou r u ndersta nding of
s u向 ce a nd sign al/te rrain inte r a ctio n s which r e s ult intheto n al,te xtu raJa ndpatte r n
cha ra cte r s of SA R jm age rje s. T he spe cific obje ctiv e s of this study a r eto de v elop
inte rpretatio nkeysfor agFIC uttu raHa nd- u s efr o mS A R integr ated te chniqu e s. tointe rpr et
m a n age m ent pr a ctic e sfr o m e nhanc ed.SA Rim age s. to de m o n str ate what S A R
im age ry C O uld addfo rla ndu s e cla s sification a nd to c o mpa reSA R im age s with La ndsat
im age s e spe cia一lyinte r m s of to n e a nd te xtu r e.
★ Pr e s e nted at the lnte r n atio n al Sympo siu m
l'Vegetatio nMo nito ring
”
,
2 9-3 1 Augu st,
19 9 5
, Chiba Univ e rs
'
Lty,Chiba -JA P AN.
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2.0 Methodology
Emphasis w a spla c ed o n vis ualinte rpretation ofSA Rim age ryin o rde rto m ake agood
distinguishe s betw e e ndifere n c eto n e s, te xtu r e s,shape s a nd othe rsICha r a cte rs of
SA R imagery. T he n e xt step w a sthe e stablishm e ntof cha rtsfo rto n e s a ndte xtu r es
which a r e e mployed to de v elop a ninte rpr etatio n key for agricultura‖a nd- u s e. W e
appLied s upe rvis ed cFa s sific atio n s o nSA R a nd La nds at im age ry, a nd m ade a
c o mpa ris o nbetw e e nthe tw o cla s sific atio n s .Anda c o mpa ris o n of to n e s, te xtu r e a nd
patte r n w e r edo n ebetw e e nthetw okinds of im age s,
3
.0 E一e m e nts ofIm ageLnte rpretatio n
Du eto the lo nge r of w a v el ngthu sed for s en sfng , r ada ris m o re s e n sitiv e to
dife re n c ete rr ain ele m e ntstha nvisible , nearinfra r ed and therm alinfr a r ed im a
.g
e ry(ie
La nds at
,
Spot). Rada r ba ck s c atte r is ba sic a[Iy a fu n ctio n of s u rfa c e
ge o m etry(topography) , s u rfa c e ro ughn e s sdefined by bare gro u nd o r v egetatio n
ca n o
.
py a nd s u rfa c ediele ctricpr ope rtie s(influ e n c e ofhu midity)･ The s e el m e nts ofthe
te rra ln C a nbe highlighted depe ndingho wthe r ada r syste mis c o nfigu red . C ha nge sirl
rada r■lo ok dir e ctio n
,
in cide n c e a ngle , frequency a nd polariz atio n ca n ha v e
c o nsider able effectonthe e nha nce mentor sup pr e s sio n ofc e rtainte rr ainfe ature s.
EIe ment of interpr etatio n of radar im agery forla nd u s e a nd agric ultu r alstudie s a re
presented in appLIC ation sofa eriaJphotography
'
s a nd othe r r e m ote s e n s[ngl m age rie s.
The s e e( m ents ofrada rim age ryinte rpretatio n a r e;patte rn, shape . siz e. a s s o ciatio n
,
to n e
,
te xtu re s. So m e rule s of photo inte rpr etatio n c a nbe u sed fdrr adarim age
inte rpr etatio n, which c a nbe dJ
'
videdintothre eba sicpr o c edu r e s:
- P hoto r e ad hg ,thisin v olv e s r e c ognitio n of bo u nda rie s o nthe ba sic o.fc o n side ring a”
the ele m e ntsnsted abo v e.
1 P hoto a n alys IS,thisin v o[v e sthe r e c ognitio n ofwhatis withinthe bo u nda ry pre vio u sly
ide ntified.
- Dedu ctiv einte rpretatio n ofim age , in this pa rt theinte rprete r u s e s alL histhe m atjc
kn o wledge a nd e xpe rie n c e a nd tointe rpret the data.
4.0 Re s u一ts
4.1-Interpretationkey
Ea ch kinds of la nd- u s e w a s e x a min eda ndinte rpretedinterm s ofto n e s,te xtu res a nd
s lgn atu r e S. A cha什 ofto n e s w a s cre ated in which w edistinguished fiv edegr e e s of
to n e sfr o mda rk to light, the n a cha rtof te xtu r e s w a s c r e ated whe refiv e cla s s e s of
textu r甲 W e r ePr e s e nted fr o mfin eto motiled te xtu re,a nd w e added a cla s s whe r eis n o
te xtu re appea rs o nthe im age s. Depe nding o nthe s e cha rts a nd the sign atu r e
cha r a cte ristic s of e a ch cla s s of la nd- u s e, a ninte rpretatio n Key fo r agric ultu r a一
pu rpo s e s w a s e stablished. Figu r e1sho w sthis r e s u[t.
4.2- Ma n age m e ntpr a ctic e s
Rada rim age ry sho w the reclam ation a nd m a n age ment m adebyfar me rs. w e c a n
ide ntify e x a ctly the n u mbe r , shape a ndpatte r n ofthes e m a n age m e ntpra ctic e sI Als o
the bo u nda rie s of agrIC ultu r al fields u n一e s stheiris n opla ntatio nin side w e r e v e ry w ell
re cogniz ed.
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4･3- Co mpa ris o nbetw e e nT Ma nd Rada rim agerie s
We cho s e tw o study a r e a sto c ompa r e Rada rim agery a nd La nds at TM
im agery(a cquisition date April 19 94) , first a r e alo cated in n on hofMadaba andthe
s e c o nd located inAz r aq a r e a･ lnthispape r w e an alyz ed thefir ststudya rea.
4･ 3･1･ StudyAr e a
T he studya r e a ap pr o xim ately6 0 km2 in exte nt, o nthe n o付- e rnplate a u ofJo rda n and
situ atedju sts o uth of Am m a n. Ge orogic alfo r m atio n o c c u rring withinthe a r e ac o n sit.f
lim e ston e a nd aElu vial of Cr eta c e o u s
,
a nd the do min ants oils a r eChro m o x e r e rts a nd
Hap[o x e r aifs･ Mo rphoEogic anythe study a r e ais n e a rlyLev el toge ntlys(oping . 1n altitude
itr ange fr o m70 0m to l OO Om ･ T he c一im ate is cla s sifjed a ss e mトa ridMedite rra n e an
c[jm ate
I
which it is r e c ogniz ed byfo u r s e a s on s withw a r m s u m m e ra nd c old winter
,l
a nd a v e r age an n u alrainfallis abo ut 35 0m m.
4.3.2- Spe Gtr alcha r a cte ristic s
To achie v ethis , statisticaJa n alysis(tabJe1)forsixba nds of La nds atT M im age ry and
the ba nd of Rada rim age ry w a s c a rriedo ut･ For s ele ctio n ofthr e es uitable bandsfor
FC Cge n e r atio n . the index fa cto rindic ated that ba nd4
,
ba nd7a nd the rada rba nd
form the be st c o mbin atio n･ T he study ofindividu al ba nds sho wthat the rada rba nd
oc c upie s agre ater dyn a mic r a nge(2-2 55), a ndhashigh v a ria n c ewhe n c o mpa r ed to
othe rs
･
Nea r infr a red ba nd 4 is ha v J
-
ng le a st c o v a ria n c ewith r ada rband. The
S C attegra m c ombin ed ba nd 4a nd rada rdata de m o n str atesthe u n c o rrelatio nbetwe e n
the m which w as e xplain edbythe s m a[lv alu e ofc o v a ria n c e.
4[3. 3- Rada rC ha r a cteristic sa nd [HS Tra n sfor matio n
We r e m a rked-thatte xtu re in rada rim age ry ha sgre at help fo ridentific atio n a nd
delin e ation of units c ontained within bo u ndahe s of hom oge n eity･ Highinten sityr etums
r epr e s enting a La rge interc eptio n ofba ck s c atte r ap pea r a sJightto n e sin rada rim age
where a slo w s[9n al retu rn s ap pe ar a sda rk to n e s･ Als othe spatiala rra nge m e ntof
featu r e sin r ada rim agery w a sdistinguishedv ery w e‖,
La ndsat T Mdata (ba nds 2 , 3 a nd4)wa stran sfo r m ed inthe[H Sspa c e, r ada r w a s
c o ntr a st str etched to r epJa c ethe inte n sity c ompo n e nt , the nthe J
･
m age wa sbr o ught
ba ck to o rdin al spa ce (R GB). , T histr a n sfo r m atio n was c o ntributedtothe vis u aJ a nd
a uto m ated interpr etatio ninte rm s of te xtu r e, str u ctu re, shape, topography, a nd lin e a r
fe atu r e s a sbe n e¶ts of Rada rband. espe cialryto e xtr a ct theis oJateds ettle m e nts a nd
ho u s e s, and to de[ineate the bo u nda rie s of fo r e st . Onthe a nthe rhandLa nds at T M
bands c o nthbuted to the inte rpretati叩 in te rm s of to n e. shape a nd m u]tispe ctr al
cha r a cte ristic s offe atu r e s
. Se eFigu r e2.
4.3.4C[a s s桐c atio n
A m a xim u mlikeJiho od cla s sific atio n w a s u s ed with Landsat T M im age ry a nd with
La nds at TM integr atedwithr ada rim agery･ Ov e r3 0 trajm ng s ets w er ege n e r ated u sing
1:30 0 00a e ria一photographysup ple m e nted byfield in v e nto ry the ndigitiz ed , a nd the re
w e r eatJe a st tw otr aining s ets fo r e a ch cla s s, w e c o u)ds epa r atetw elv ela nd c o ve r
cla s s e s･ Statistic al a n a[ysis r e v e al c o n siderable diffe re n c ein sta nda rdde viatio n s
betw e e nLa nds at T M ba nds and r adar ba nd
, this is e xpJain ed bythe e xisting of
spe ckJe sin r ada rim age ry whichsho uldbe r e m o v ed by m ultiplefilte ring.
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T he ac c u r a cy and spe cific ty of cla s sific ations we r e a s s e s s ed a nd
l'
pJXel by pix e[
■■
c o mpa ris o n w a sm ade betw e e n a r efe r en c edata s eta nd the a uto m ated cla s sific atio n.
T he tr aining s ets we r e u s ed a s r ef r enc edata s etI A totaln u mberof 21000pixels
(repre s
.
e nting about 8% oftotaln u mbe r ofpix eLs)w e r e u s edfo r c o mpa ris o npu rpo s e,
co nfu s1 0 n m atric e sfo rbothcla s sific atio n w e rege n e rated ,the r e s uFts.fo r whicha r e
gl.
∨e nin table 2 The e rro rs of o mis sion a nd c o m mis sio n de riv ed fr o mthe c onfu sio n
m atrix a r e c o n side r ab(yr edu c ed.
Cla s sific atio n a c c u r a cy pe rfo r m a n c efo rthe spe cific cla s s es a nd o v e raJ a c c u r a cy
pe rfor man c e ar egiv en in table 3. Thes e statistic sindic ate that inc[u sio n ofradar
im age ry a s a n additio n al ba nd in the cJa s sific atio n sJgnificantlyin cr e a s edthe o v e ra”
?c c u ra cy of the cla s sific atio n(fr o m7 712 %to 81･3 %) , fo r agricultu r al cla s s e sthe
I mpro v e m e ntOfa c c u ra cy w a s abo ut11% jn a v e rage.
The spe cificty of any giv e n cla s sific atio n wasdete rmined bythe nu mbe r ofla nduse
cla s s e sthat c o uldbe ide ntified witho ut s lgnific a nt c onfu sio n withothe r c一a s s e s,this
w a s e s s e ntjauy ajudgm e nt asto whethe rthe cla s s e s w e r e s uffic e ntlys epa rable.the
e rro rsof o mis sio n a nd c o m mis sio n a s sisted this dete r min atio n by showing what
pr opo rtio n of c一as s e s w e re mis cla s sified into which othe r c一a s s e s. To studytheinte r
cla s s e s s epa r ability, inte r･dista n c e sign ature ca[c u[atio n w a sge n e r ated, the a v e rage
s epa r abnity l mPr O V ed from 10.9 to l l.9, the m a xim um cha nge w a sobs e rv edfo rthe
ba re[y a nd pJo w ed a re apair(fro m1 9,5 to 27.3) . Figu r e3 sho w sthe res urtof
cla s sific atio n.
5.0- Co n c一u sio n
An inte rpr etation key for agncu[tu ra=a nd u s e w a spe rfo r m edfr o m r ad rim age ry, this
key wilL alo w u s e rsto inte rpr et vis u ally rada rim age ry.1tisfo u nd thatr ad畠rim agery
pr o vided inte re stinginfor m atio n abo ut m a n age m e ntpr a ctic e s a nd othe rLin e a rfe atu r e s.
Rada rim age ry a nd La nds at T M im age ryha v ebe e n c ombin edtopr odu c ehybridim age
data ha ving the spe ctr alr e s o一utio n of T Ma ndthe spatialr e s olutio n ofr ada r, w efo u nd
that a ninte n sityhu e s atu r ation(lH S)transfor m atio nba s ed o nthe c cLmbin atio n ofr ada r
a nd TM data did impro v ethe de=n e ation of topographic fe atu r e s, u rba n a r e a a nd
agn c uJtu r al fje]ds.
Rada rim age rya nd La nds atT M im age ryofthe studya r e aha v ebe en u s edto s epa r ate
tw e[v e c[a s se s
,
statistic sindic atedthat in clu sio n ofr adarim age ry as a n addito n a[ ba nd
in the cla s sific atio n s lgnifica ntly l n C r e a S ed the o v e r all c c u r a cy of the clas sificatio n,
ap pr o xim ately4 %ofimpr o v e m e nt w a s a chie v ed.
T he r ada r w a s sho w nto be c ritjc a)in pr o viding e xpla n atio n ofs u rfa c e c o v e r v a riability･
6.0- Kn o wlodge m e nt
The a utho ris highly tha nkfu[ to Prof. Fr ed Ca mpbe” G(obeSARprojectm a n age r.
Ca nada Ce nte rfo rRe m ote Se n singa ndDr. Vern Singhr oy. P. Eng. SeniorRe s e a rch
Scie ntist
,
Ca n ada Ce nte rfo r Re m ote Se n sing ,fo rtheir e n c o u r age m ent to w ritethis
Pape r a nd their v a rio u shelp.
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Tablel
･11Statistica[chara cteristics ofstudy area(Madaba).
Bartd1 Band 2 Ba nd3 Barld 4 Band 5
Mea n T ℡.8
S T
. D V 17.6
M in S I
Ma エ 1≦柑
J3ind 1
Band 1 3 0S.9
Ba nd 2 2 00.T
Ba nd 3 3 01.S
Bar)d 4 1 22.
Ba Tld 5 3 S3.6
Ba nd 7 2 46.2
Radar 8 4.3
Ba nd 1
BarLd2
Band 3
Ba nd 4
Ba nd 6
Ba nd 7
Rada r
Ba n
1
0.9 7
a.9 4
0.4 6
0.8 2
0.8 6
0.1 9
42.4 S 5.2 7 T.5 89.3
1 1.9 1 B.9 15 .2 24.9
2 1 19 3 1 2 9
10 8 14 6 1 2 5 22 1
BaTl
13B
2 08.
9 1.1
2 45
.
170.
4 e.9
1 Ⅰ】
1
0.
0.
0.
0.
0.
2-Varia n c e･{ o v a ria n c em atrix
Ba nd 3 Band 4 Ba nd 5
9.6
3 .4 2 2 7.3
8,1 19 7.4
4.7 92
.
9
.4 .1.2
3JCo rrelation m atrix
Band 3 Ba nd 4
1
0.4 14 1
0.86T 0,531
0.92 7 0.37 7
0.15 9 _0.0 03
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S OT.8
3 84.6
64 ^
Ba nd 5
0
.9S S
0.1IO 6
Ba nd7 Radar
4 7.2 4 6
.8
16.4 23 .6
12 2
12 6 2 55
Band 7 Radar
26 6.
55.9
Ba r)d 7
0.139
6 0 9
Rada r
Tab[e2
Co nfu sion m atrix co mpa ris o n
Urb F⊂〉Tt ITot O m Cm
0 O 61 4 1 78 29 1
0 (1 3B6 2 8 27 1
0 D 1 812 48 O 248
0 O 295 1B 2 00
2 5 0 2$ 1 3 11 a7 4 B6
0 9D 5 6 9 29 5 4 18
0 0 1 6 92 2a9 i7ヰ
0 0 332 32 3 01
14 0 360 8 4 31 43 0
5 0 19 06 5 9 9
3 34 7 2 3436 8 9 65
2 1 3 8 41 3 940 9 9 82
8
19
TI
O
■r A Rgl Rg2
3 3 2
O 13
1 2 0 67
C 0
OO 3 25 2
4 0 23
35 書 0 1
300 1 9
1 45 31T T
O ()
D 16
0 7
Lnt Hm s O】v Fr
132 0 a 1
5 0 5 8
1 3 2 6 0 7 0
0 2 7 7 1 4 4
35 1 60 13 7 6 1 8
0 25 16 0 2 7
4 5 iO 7 11
11 D 0 O
5 6 O 93 i l
0 0 O O
0 0 D 8
3 川 47 0
)[v Frt)t PIA Rgl Rg2 Rck Urb F8rt Tot Om Crr1
0 C 38 8 0 8 0 61 4 15 6 1 48
E) 0 0 11 2 0 0 3 8 6 21 159
O 0 l1 2 6 2 6 0 O IP12 a35 167
2 0 0 0 0 0 0 2 95 1 2 12 5
59 9 2 42 4 9 1 25 B O 2B B4 2 513 9 44 27 1
1 0 356 5 5 【) i 4 11 0 0 5 69 213 44 5
2 5 1 2 e 1 34 0 0 1. O 0 O 1597 257 i04
1 0 3E)0 1 9 6 0 0 8 32. 2B 300
8 6 6 0 1 4 9 3 24 6 8 11 0 3608 3 62 37 1
0 O o o 1 8B? 17 (1 1 90 6 T7 g2
0 0 0 1 4 65 33 55 2 3 43 6 81 56
1 B a O 9 0 0 38 6 0 8 94 066 鵬
Tab)e3
Clas sificatio na c c u racy c o mparis o n
E)iFfe
13_9
1 2.2
1 0.6
12.8
8.9
8.1
2.1
2.6
2.5
1.1
0
0.‡
4.1
a)La ndsat T M
W 71t Brl
BareFy 4 3 5B
Lt】r)tEE 2 63 2 4
H u m $ 0 0
01]ve s 1 B 24 3
FruTts 0 0
PEo w Bd A 1 5
RarlgeL1 2 0
R angeL2 0 ()
Ro cks 0 0
UTbaJI A 0 0
b)La nds at T Ma nd Radar
W ht BTL Lnt I Hm s
W heat･ 476 尋 182 0
Bar e[y 2 3 65 5 0
Lentl) 1 15 3 5 10 7 7 0
Hu m $ 0 0 1 283
Olhle$ 3 0 1 21 22 1 11
Fru[tB O (】 0 13
PFo wedA 1 0 1 1
Rap)9eLl (】 0 12 0
RarlgeL2 0 (】 40 0
Rocks o (】 ○ - o
Urh n A 0 C O 【)
Fore sts 0 o 4 0
T M & Radar
62.1
6 6.7
丁$
68.8
55.6
40
7B.8.
50
℡1.2
9 6
.1
9 5.6
9 6.1
8 1.3
T M
12
5
4
6
7
8
丁
4
i
6
3
2
Whe at
Barely
Le ntil
Hu m s
O liv es
Fruits
P[o wed A
RangeL I
Ra n9eL 2
Rocks
Urba nA
F:or ests
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